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the Case of Turin in Italy
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ABSTRACT
Compositional changes due to internal
migration can modify the distribution of health
outcomes, death rates, and socio-economic
characteristics of a speciﬁc geographical area.
Migration ﬂows may affect patterns of socio-
economic inequalities in mortality as well.
However, despite these inequalities being an
important social and geopolitical feature of an
area, there is still little empirical evidence on
this effect. This paper contributes to deepening
the knowledge about this phenomenon by in-
vestigating whether post-war internal migration
in Italy affected the pattern of mortality in-
equality by socio-economic status, from age
50 years onwards, in Turin, one of the main in-
dustrial areas of the country, to which many
low-educated individuals from the southern
regions migrated, seeking jobs in the car facto-
ries. Migrants might be selected in terms of ro-
bustness because of the healthy migrant effect.
However, low-educated individuals are
employed in heavier and riskier jobs. They thus
undergo a faster health selection due to expo-
sure to a higher mortality risk that selects the
most robust individuals. This paper
hypothesised that the interplay of these mech-
anisms might have produced a homogenisation
process towards robustness of the population
by reducing the unobserved heterogeneity in
survival chances and that these processes af-
fected men more than women, because women
were likely to be more passive actors in the
migratory decisions and less heavily involved
in the industrialisation process. The results
show that women have higher levels of hetero-
geneity in susceptibility to death and wider
differentials mortality by education level than
men, which both support the hypotheses. ©
2014 The Authors. Population, Space and Place.
Published by John Wiley & Sons, Ltd.
Accepted 29 April 2014
Keywords: internal migration; mortality;
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INTRODUCTION
Migratory movements can producechanges in the composition of the pop-ulation in the area of destination, as
well as in its demographic outcomes. Compared
with the native population, migrants can have
different demographic proﬁles and behaviours.
The aim of this paper is to investigate the effect of
internal migration on mortality disparities and in-
equalities by socio-economic status in adults.
The analysis used data from the Italian indus-
trial city of Turin, which in the second half of
the 20th century received massive ﬂows of
migrants from the poorest regions of Italy.
Two possible mechanisms seem particularly
relevant. First, as several studies have docu-
mented, migrants might be selected in terms of
robustness because of the healthy migrant effect
(Feinleib et al., 1982; Sharma et al., 1990; Valkonen
et al., 1992; Kington et al., 1998; Singh and
Siahpush, 2001; Deboosere and Gadeyne, 2005).
Therefore, a substantial inﬂow of individuals
who were potentially healthier than the average
native population might have had possible
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consequences on the health and mortality proﬁles
of the population of the area of destination, espe-
cially among men. In the past, women were more
likely to be only passive actors in the migratory
decision (Mincer, 1978; Bielby and Bielby, 1992;
Cooke, 2008), and it can be hypothesised that if
a migration-related health selection occurred,
men were more strongly affected than women.
Second, individuals who migrated to Turin in
the post-war years were mainly low educated
and employed in less-skilled, heavier, and riskier
jobs (Canteri, 1964; Foﬁ, 1964; Pellicciari and
Albertelli, 1970; D’onofrio, 2010). Therefore, they
were likely to be exposed to higher health and
mortality hazards. This might have caused a
faster health selection of the most robust individ-
uals. According to the literature on unobserved
heterogeneity of frailty, the higher the pressure
of mortality, the stronger and faster the selection
towards robustness undergone by the surviving
population, because the frailest individuals die
earlier (Vaupel et al., 1979; Manton et al., 1981).
As the migrants who were mainly employed in
heavier and riskier jobs were characterised by a
low level of education, such an educational group
might have experienced the faster health selection
just described. Therefore, compared with other
educational classes, the low-education group
might have a more robust population that would
reduce the mortality differentials. Also, in this
case, it is possible to imagine that this mechanism
acted less strongly on women, as they were not as
involved as men in the industrialisation process.
The paper hypothesises that the interplay of
these two mechanisms might have produced a
homogenisation process with respect to susceptibil-
ity to death (otherwise called unobserved frailty),
especially of the male population. A decrease in
the average frailty implies a decrease in the
variance of individual differences in susceptibility
to death, hence a more homogeneous population.
The same mechanisms are also likely to have
had an impact on the differences in mortality risk
by socio-economic level. An inﬂow of low-
educated migrants, who are potentially healthier
than non-migrants, might have lowered the aver-
age relative level of frailty not only of the general
population but also of the group with low educa-
tion, compared with other educational groups.
The fact that most of them were employed in
heavier and riskier jobs and, therefore, were
exposed to a higher mortality hazard and to its
subsequent health selection might have strength-
ened this process and reduced even further the
health and mortality differentials by education.
Because most of the work-related migrations
happen at young working ages, if any selection
due to exposure to heavier and riskier jobs oc-
curs, it needs a certain time lapse to take place.
Therefore, age 50 years was selected as the initial
age of the mortality follow-up.
The next section brieﬂy reviews the literature
on the phenomenon of migration and its effects
on the demographic characteristics. The section on
Data and Methods presents the data and methods
used in the analysis. The Results section contains
the results: ﬁrst, the most important descriptive re-
sults are illustrated, followed by the results of the
regression analysis. Finally, the Discussion section
discusses the results.
LITERATURE REVIEW
Migration is, together with fertility and mortality,
one of the three major contributors to the
demographic dynamics of a geographical area.
Compared with the native population, migrants
can have different reproductive behaviours
(Mussino and Van Raalte, 2013) especially shortly
after their arrival (Andersson, 2004; Mussino and
Strozza, 2012) or different mortality and morbid-
ity proﬁles (Feinleib et al., 1982; Bennett, 1993;
McCredie et al., 1999) because of the inﬂuence of
several factors such as lifestyle, dietary habits,
physical environment, and hereditary predisposi-
tions of the population of origin.
Several studies have documented the so-called
healthy migrant effect, the phenomenon of mi-
grants showing better health status than persons
who are not migrants (Feinleib et al., 1982;
Sharma et al., 1990; Valkonen et al., 1992; Kington
et al., 1998; Singh and Siahpush, 2001; Deboosere
and Gadeyne, 2005), as well as the opposite phe-
nomenon known as ‘salmon bias’ (Palloni and
Arias, 2004), when weaker and sick migrants
move back to their place of origin for receiving
care from family, friends, and institutions (Lanska
and Peterson, 1995; Brimblecombe et al., 2000).
Migratory movements affect the structure of
health and mortality outcomes of both the areas
of origin and destination. Compositional changes
of the population due to migration can modify
the distribution of health outcomes, cause-
speciﬁc or all causes of death rates, life style
V. Zarulli
© 2014 The Authors. Population, Space and Place. Published by John Wiley & Sons, Ltd. Popul. Space Place (2014)
DOI: 10.1002/psp
factors, and socio-economic characteristics. The
vast majority of studies have focused on long dis-
tance and international migrations, whereas
fewer analyses have investigated shorter distance
migratory movements, such as migration within
country or between adjacent countries. Among
these studies, some have analysed health inequal-
ities between immigrants and natives (Wild and
McKeigue, 1997; Kolčić and Polašek, 2009) or be-
tween migrants and non-migrant populations in
the region of origin (Westman et al., 2008). Others
have focused on the effect of migration on the
geographical variation in health and mortality,
investigating how internal migration affected re-
gional differences in mortality (Brimblecombe
et al., 1999, 2000; Luy and Caselli, 2007), variation
in area deprivation levels (Norman et al., 2005),
and health neighbourhood inequalities (van
Lenthe et al., 2007). Finally, other studies have
analysed the impact of migration on all-cause
mortality of the area of destination (Rasulo et al.,
2012).
By contrast, there is still little empirical evi-
dence on the effect of internal migration ﬂows
on the patterns of socio-economic inequality in
mortality. However, as ‘the migration dimension
cannot be understood independently of social
class and gender’ (Malmusi et al., 2010: 3), the re-
ciprocal relation holds as well, and socio-
economic differences in health and mortality
need to be considered also in the light of migra-
tion. The study of socio-economic differences in
health and mortality is an important public
health issue with crucial policy-making implica-
tions. An extensive literature has shown that in
many countries, despite medical improvement
and the creation of welfare states, socio-economic
inequalities in health and mortality have been
steadily widening in the last decades (Marmot,
1986; Valkonen, 1993; Hattersley, 1997; Valkonen,
2001; Kunst, 2004; Mackenbach, 2006; Strand, 2010;
Shkolnikov, 2011; Zarulli et al., 2012). Analysing
the trends and understanding the mechanisms be-
hind this phenomenon are essential to tackling it.
This study used Italian data. In the second half
of the 20th century, massive internal migration
occurred from the poorer southern regions of
Italy to the northern ones, which became the centre
of the newly established industrial economy after
WWII. These migratory movements accompanied
the deepest social and economic transformation
experienced in Italy (Ginsborg, 1989). Migration
reached its highest peak in the 1960s, continued
substantially also in the ﬁrst half of the 1970s,
and then gradually declined (Bonifazi and Heins,
2000). Turin was among the major points of
attraction, together with Milan and Genoa. These
three north-western cities were also called the
‘industrial triangle’. From 1955 to 1973, the in-
migration rate to Turin was several times higher
than the out-migration rate (Bonifazi and Heins,
2000). Turin’s economy was characterised by the
car industry, which was growing quickly after
WWII and mainly attracted a low-educated
labour force seeking jobs in the factories.
The aim of this paper is to investigate whether
the internal migration ﬂows that characterised
Italy in the second half of the 20th century af-
fected the pattern of mortality inequality by
socio-economic status from age 50 years onwards
in the north-western industrial city of Turin.
DATA AND METHODS
Data
We used individual longitudinal data from the
Turin Longitudinal Study. Individuals who were
registered during at least one of the four censuses
in 1971, 1981, 1991, and 2001 were selected. Their
migration and vital status was followed up until
the end of July 2007. The result is an observation
window of 36 years (from 24 October 1971, ofﬁ-
cial date of the census in 1971, to the end of July
2007, end of the record linkage) during which
the individuals were followed up until death,
emigration from the city, or end of observation
period. Individuals started to be followed up
from age 50 years. The study population contains
391,170 men and 456,216 women.
The available information were date of birth,
date of exit from the study, cause of exit (death
or emigration), sex, region of birth, and education
level, which, according to the literature, were
used as proxy for the socio-economic status
(Krieger et al., 1997; Mirowsky and Ross, 2003;
Doblhammer et al., 2009). To facilitate the
comparison between mortality levels of different
education groups over a long follow-up period
and over the many different cohorts included in
the study, we created three broad categories: high
(high school or higher), medium [intermediate
school (corresponding to sixth, seventh, and eighth
grades)], and low (elementary school or lower).
Post-War Migration and Mortality Disparities in Turin
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The focus on people older than 50 years makes
this educational classiﬁcation reasonable. The ba-
sic division into three levels of the Italian school
system was set up in the 1920s.1 A 5-year elemen-
tary school was followed by two types of 3-year
intermediate school: one vocational type, which
prepared the student for the labour market and
did not allow accessing any higher levels of edu-
cation, and one type that allowed accessing the
technical high schools or the preparatory high
schools for the university. The republican Consti-
tution of 1948 kept the same system but intro-
duced the compulsory 8 years of schooling,2
although this was not really implemented until
the important reform that occurred in the
1960s.3 The reform created a single compulsory
3-year intermediate level that did not preclude
access to the various high schools. Until that time,
de facto, only elementary school was compulsory,
and even in that case, many children, especially
in the southern regions, still did not attend all
5 years.4 Only a small part of the population stud-
ied for an extra 3 years. Individuals who attended
high school then, especially women, represented
an even more selected population who, almost
certainly, would have continued their schooling
careers by attending university, which is nowa-
days considered as a ‘high’ level of education.
Data quality is very high. The share of linked
records between census and population registry
was higher than 96% (except for 1971 when it
was 84.7%). The unmatched census records are
evenly distributed across the main socio-
demographic categories, thus excluding bias
problems related to a selected population. In-
formation about education was unknown or
unavailable in only 0.4% of the records for both
men and women.
Methods
Given the longitudinal and individual-level
nature of the data, the statistical technique of sur-
vival analysis regression for duration dependence
models was used,5 adjusting for both right
censoring and left truncation. Both types of cen-
soring are present in the data: the ﬁrst one due
to emigration of the individuals before the end
of the observation period or end of this period
without having experienced the event of death
and the second one due to the different ages
at entry in the observation window of the
individuals.
Before estimating the mortality differentials by
education level and macro-region of birth, a pre-
liminary analysis for identifying the best func-
tional baseline mortality hazard was performed.
The baseline was modelled parametrically with
the Gompertz (Gompertz, 1825) and Makeham
(Makeham, 1860) functions,6 known to ade-
quately describe patterns of adult human mortal-
ity, and compared via Akaike information
criterion (Akaike, 1974). The results of the
comparison indicated that the Gompertz model
was the best ﬁt for the men and the Makeham
model the best ﬁt for the women. Therefore, the
rest of the analysis was conducted by adopting
the Gompertz baseline for the men and the
Makeham for the women.
Neglecting unobserved sources of heterogene-
ity (often called unobserved frailty) in survival
analysis models might lead to biased estimates
of the hazard and of the coefﬁcients of the covar-
iates (Gail et al., 1984; Chamberlain, 1985; Trussell
and Rodriguez, 1990; Aalen, 1994; Rodriguez,
1994; Aalen et al., 2008). Frailty models (Vaupel
et al., 1979; Manton et al., 1981) allow controlling
for this component. As individuals differ in many
unobserved and unobservable characteristics that
inﬂuence their risk of death, we applied this
approach and included a frailty term into the
models. Frailty is a random-effect term, as-
sumed to follow a gamma distribution with
mean 1 and variance σ2 to be estimated, which
indicates the level of heterogeneity of the pop-
ulation with respect to susceptibility to death
(Wienke, 2010b).
A ﬁrst explorative analysis of the data revealed
that from 1971 to 2007, a signiﬁcant mortality im-
provement occurred, as it is shown in the mortal-
ity surface in Figure 1. The different cohorts
included in the study passed through the years
of observation at different ages and beneﬁt from
the mortality improvements occurring during
those years at different ages.
To take this important phenomenon into
account, we included covariates for the calendar
periods and split the individual survival experi-
ence into several spells, one for each period the
individual passed through. This implied an
organisation of the data into clusters, where each
cluster represents one individual that shares the
same hidden frailty.
V. Zarulli
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In these cases, to control for unobserved frailty,
shared frailty models (Wienke, 2010c) had to be
applied. Equation (3) describes the model:
μ x uij; ziÞ ¼ ziμ0 xð Þeu ij β;
 (3)
where uij is the covariate proﬁle of the j-th obser-
vation in the i-th cluster, zi is the hidden frailty
shared by the i-th cluster, and μ(0) is the baseline
hazard.
Shared frailty models, especially with left trun-
cated data, are very complex models [for the like-
lihood function, please see Van den Berg and
Drepper (2011)], and when applied to a large
dataset, they can be computationally challenging.7
For these reasons, it was impossible to estimate this
model with a calendar period classiﬁcation ﬁner
than two periods, 1971–1990 and 1991–2007, and
the optimization routine needed to be applied via
random subsampling.We estimated themodels re-
peatedly over 1% sample of the data, randomly
drawn without replacement (Hartigan, 1969,
1975; Politis and Romano, 1994), stratiﬁed by the
major characteristics (education and region of
birth). As noted by Efron (1979: 24), random
subsampling ‘is very similar to bootstrap’. The ba-
sic idea is to approximate the parameter estimates
on the basis of the distribution of the repeated
estimates. Given the complexity of the model and
the large size of the data set, 250 estimate repeti-
tions were performed.8 It is generally advised to
choose a sufﬁciently large number of repetitions
(Hesterberg, 2011), but in the application of very
complex estimators, several studies have shown
that between 100 and 500 can provide relatively
small error margins (Efron and Tibshirani, 1993;
Manly, 1997; Pattengale et al., 2010).
RESULTS
Descriptive Results
Table 1 shows the distribution of the population
by education and macro-region of birth. The
year
a
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Figure 1. Representation of the death rates with a Lexis diagram over a 1-year age interval, on the y-axis, and a
1-year calendar time, on the x-axis. Data are shown on a logarithmic scale.
Table 1. Distribution of the Turin population included
in the follow-up by education and by macro-region of
birth.
Men % Women %
Education
Low 218,098 55.75 299,400 65.62
Medium 95,972 24.53 100,926 22.12
High 77,100 19.71 55,890 12.25
Total 391,170 100 456,216 100
Macro-region of birth
North-west 192,660 49.25 244,613 53.61
North-east 39,189 10.02 49,680 10.89
Centre 13,198 3.37 19,900 3.05
South and
islands
128,461 32.84 126,041 27.63
Abroad 17,662 4.51 21,982 4.82
Post-War Migration and Mortality Disparities in Turin
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majority of individuals (especially women) have
a low education level. The share of medium
education is similar for both sexes, whereas the
percentage of highly educated individuals among
men is higher than among women.
As expected, the share of individuals born in
the ‘north-west’ region is the largest, as this is
where Turin is located. We will consider these in-
dividuals as natives.9 Among the individuals
born in the other areas, 33% of men and 28% of
women were born in the ‘south and islands’ re-
gion, around 10% for both men and women come
from the ‘north-east’ region, and only small num-
bers come from the ‘centre’ and ‘abroad’ regions.
The data conﬁrm that migrants from the south
were often individuals with low-education levels.
Figure 2 shows that among men with low educa-
tion, slightly less than 40% were natives and
slightly more than 40% were born in the south,
whereas for the other educational groups, the
share of individuals from the south is smaller
than the share of natives. The higher the level of
education, the lower the share of individuals
born in the south: almost 70% of the highly edu-
cated men were born in the north-west area
(therefore, they are natives), and only around
20% were born in the south and islands area;
almost 60% of the individuals with medium edu-
cation come from north-west and only slightly
more than 25% from south and islands. Women
present a similar distribution.
Interestingly, these distributions change across
different cohorts, as shown by Figures 3–5.
The share of the population with low
education was the largest among the oldest co-
horts (between 70% and 80%), and it gradually
decreased from older to younger cohorts.
Meanwhile, the proportion of individuals in the
medium-education and high-education catego-
ries increased. This is consistent with the gradual
extension of access to higher education that took
place worldwide over the 20th century, especially
in economically developed countries and sharply
accelerated after 1960 (Schofer and Meyer, 2005).
In Italy and more speciﬁcally in the north-western
region, the rate of high school and university en-
rolment increased from 6.51% in 1951 to 64.26%
in 2001 (Felice, 2007: 385). This expansion process
was facilitated by the economic growth and the
education system reform in 196910 that liberalised
access to a mainly publicly funded university,
which was made possible for anyone with a
5-year high school degree and not only for those
coming from the preparatory high school.
Among younger cohorts, it is also possible to
see that the shares of medium and high education
are similarly distributed among men and women,
whereas women belonging to previous cohorts
had always been the minority among the highly
educated group. Concerning those in the low-
education group, the gender gap still persists.
Although the difference tends to lessen, even in
the youngest cohorts, the proportion of women
with low education is bigger than the proportion
of men.
The Italian history of post-war migration ﬂows
can be read in Figure 4. The share of migrants
from the southern regions constantly grew from
older to younger cohorts. It is particularly high
among the immediate post-war generations,
reﬂecting the fact that young adults with many
small children (those were the years of the
proportion
e
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M
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F
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Figure 2. Distribution of the education groups in the Turin population by macro-region of birth.
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post-war baby boom) migrated from the south to
the industrial centres in the north. It is striking
that among the Turin population born between
1947 and 1957, almost 50% were born in the
southern region and only slightly more than
40% were natives of the north-western one.
Quantitatively, the major migration ﬂows in
those decades have been from the south to the
north, of which more than 70% was directed to
the north-west (Salvatore, 1980); the main deter-
minants were regional differences in unemploy-
ment rates and earnings levels (Salvatore, 1977).
The north-east area, on the contrary, was an
important source of migrants to the city among
older cohorts, whereas its contribution decreases
among younger cohorts, reﬂecting the economic
history of this area in the post-war decades
(Caselli and Egidi, 1981; Caselli and Reale,
1999). The percentages coming from the ‘centre’
and ‘abroad’ areas are negligible.
The recent economic history of Italy helps to un-
derstand these dynamics. UntilWWII, because of a
less advanced stage of economic development, the
north-eastern regions experienced signiﬁcant
emigration ﬂows both towards the north-west
and foreign countries, mostly European ones,
whereas individuals from southern regions emi-
grated mainly towards transoceanic destinations
(Del Boca and Venturini, 2005). After the war, the
north-east went through some years of demo-
graphic depression but, at the same time, together
with the Central regions, started a slow (and for a
long time unrecognised) process of economic de-
velopment. This became visible in the 1970s, when
a ‘Third Italy’ (Bagnasco, 1977) was discovered.
This refers to the alternative industrial model
characterised by small manufacturing ﬁrms, which
were operating in the north-east and the centre, be-
yond the poor south and the modern north-west
with its large-scale factories. Between the 1980s
0.00
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Figure 3. Distribution of the Turin population by education level for men (M) and women (F) in different 10-year
birth cohorts.
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Figure 4. Distribution of the Turin population by macro-region of birth for men (M) and women (F) in different 10-
year birth cohorts.
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and the 1990s, ﬁrm birth rates were the highest in
the regions of the Third Italy (Garofoli, 1994), and
from the 1990s, Veneto, one of the most important
north-eastern regions, became a major labour
importer (Anastasia and Corò, 1996; Del Boca
and Venturini, 2005).
Finally, Figure 5 shows how the pattern of per-
sons with different levels of education, and
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Figure 5. Distribution of the population by education, birth cohorts, and sex (M for men and F for women) for ﬁve
macro-regions of birth: (1) north-west, (2) north-east, (3) centre, (4) south and islands, and (5) abroad.
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coming from different regions of origin, changed
cohort by cohort.
From older to younger cohorts, all the regions
of origin share the same pattern of gradual
decrease of low-educated individuals and in-
crease of medium and highly educated ones. This
is true among both sexes. Cohort by cohort, the
educational differential by gender, which saw
the women over-represented among the low
educated, narrows down. Among the youngest
cohort, the distribution of education levels is
virtually the same for men and women, with the
exception of southern regions where the share of
low education is still greater among women than
among men. Meanwhile, men still have greater
shares of medium and high educational levels
than women.
Regression Analysis Results
Table 2 reports the results of the regression
models for men and women: the baseline param-
eters (a and b of the Gompertz function used for
the men; a, b, and c of the Makeham function used
for the women), the variance of frailty σ2 and the
mortality rate ratios for the education level, the
region of birth, and the calendar period.
The estimated variance of frailty for thewomen is
0.29, whereas for men, it is 0.26. Therefore, women
appear to be more heterogeneous thanmenwith re-
spect to their hidden susceptibility to death.
Another gender difference appears in the pace
of mortality improvement over time, which is
faster among men than among women. The mor-
tality rate ratios for the period 1971–1990 relative
to the period 1991–2007 are 0.728 for men and
0.888 for women. This is consistent with the
recent narrowing of the gender mortality gap
between Italian men and women.
The differences in mortality risks between edu-
cation groups are found to be wider among
women than among men. The relative risk for
women with medium and low education, com-
pared with women with high education, are
1.25 and 1.47, respectively. On the contrary, no
clear gradient is visible among men: although
medium-educated and low-educated men have
a higher mortality risk compared with highly ed-
ucated men, the rate ratios of medium-education
and low-education groups are very similar, 1.27
and 1.26, respectively.11
Table 2. Mortality rate ratios for men and women 50 years and older in a longitudinal study of the population of
Turin, Italy, showing the effect of education level, region of birth, and calendar year.
Women Men
Mean estim.* 0.025–0.975 quant.* Mean estim.* 0.025–0.975 quant.*
a 0.008 (0.000–0.016) 0.004 (0.000–0.010)
b 0.084 (0.073–0.106) 0.069 (0.061–0.163)
c 0.000** (0.000–0.000)** — —
σ2 0.292 (0.174–0.367) 0.269 (0.026–0.367)
Education level
High 1 — 1 —
Medium 1.256 (1.053–1.347) 1.277 (1.054–1.349)
Low 1.475 (1.103–1.641) 1.268 (1.074–1.591)
Region of birth
North-west 1 — 1 —
North-east 1.122 (0.888–1.217) 1.075 (0.855–1.220)
Centre 1.102 (0.864–1.218) 1.081 (0.854–1.217)
South 1.130 (0.904–1.220) 1.037 (0.854–1.216)
Abroad 1.082 (0.847–1.215) 1.082 (0.864–1.218)
Calendar year
1971–1990 1 — 1 —
1991–2007 0.888 (0.671–1.035) 0.728 (0.613–0.985)
For the sake of simplicity, the values in the table have been rounded to three decimals.
*Mean estim. and quant. stand for the estimated mean value and the quantiles of the empirical distribution of parameters obtained from the repeated
estimates via random subsampling, respectively.
**The actual parameter estimate and its conﬁdence interval were respectively 2.852 × 106 and (8.610 × 107 to 2.997 × 105).
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Concerning the geographical differentials in
mortality, the model did not identify any clear
and signiﬁcant pattern.
DISCUSSION
The different socio-demographic behaviours and
characteristics of migrants can alter the composi-
tion of the population of the area of destination
and, therefore, modify the demographic patterns
of that area. This paper aimed to shed light on
the effect of internal migration on the disparities
in susceptibility to death in late-adult ages.
This study has shown how spatial population
dynamics can affect the health andmortality proﬁle
of the places where the migratory movements are
directed to. They do so by altering the composition
of the population in the area of destination (and,
although it was not investigated in this study, in
the area of origin aswell), but as pointed out by this
study, these compositional changes might be subtle
and involve also unobserved or unobservable
characteristics that might be overlooked at ﬁrst.
The analysis used data from the Italian
industrial city of Turin, which attracted millions
of Italians from other regions during the
industrialisation process that took place after
WWII. The majority of the migrants to Turin were
low-educated individuals from the south of Italy
seeking jobs in the car factories.
The paper hypothesised that the combined
effect of the supposedly healthier status of mi-
grants (Feinleib et al., 1982; Sharma et al., 1990;
Valkonen et al., 1992; Kington et al., 1998; Singh
and Siahpush, 2001; Deboosere and Gadeyne,
2005) and a faster selection due to higher mortal-
ity of the low-educated ones involved in heavier
and riskier jobs could have caused a process of
homogenisation and reduction of differences in
susceptibility to death. Moreover, this effect is
likely to be more pronounced among men
because women were likely to be more passive
actors in the migratory decision (Mincer, 1978;
Bielby and Bielby, 1992) and less heavily involved
in the industrialisation process and its aftermath.
By applying a survival analysis model with an
unobserved heterogeneity component to a
36-year mortality follow-up period, the results of
the regression showed that the female population
is somewhat more heterogeneous than the male
population (the estimated variance of the random
term was higher for women than for men).
Moreover, the male mortality gradient by edu-
cation level was less deﬁned than the women’s
gradient. In particular, compared with the refer-
ence category (high education), the rate ratios
for women with low education were higher than
the rate ratio of women with medium education.
Among men, by contrast, although medium-
education and low-education groups showed
highermortalitywith respect to the high-education
group, the rate ratios for the medium and low cat-
egories were very similar. This suggests that there
is no clearmortality difference between the two ed-
ucational groups and seems to conﬁrm the hypoth-
esis that a process of homogenisation took place,
which made the male population more homoge-
neous with respect to susceptibility to death and
reduced the differences in mortality by education,
at least between the medium-education and low-
education groups. This is furthermore strength-
ened by the estimated lower variance of frailty
compared with the women.
Another mechanism might have played a role
in somehow reducing the differences in survival,
especially between educational groups among
men. The so-called salmon bias (Palloni and
Arias, 2004) [when weaker and sick migrants
move back to their place of origin for receiving
care (Lanska and Peterson, 1995; Brimblecombe
et al., 2000)] might have drained part of the
weaker individuals out of the low-educated pop-
ulation, thus contributing to its healthier and less
frail status, reﬂected in narrower mortality differ-
ential compared with the other educational
groups. Unfortunately, the available data do not
allow taking this mechanism into account, as it
is not possible to follow the individuals up after
they leave the city of Turin.
The analysis also included a variable for the
macro-region of birth for which the model did
not identify any clear pattern. At ﬁrst, this is quite
surprising because Italy is characterised by signiﬁ-
cant geographical differences in survival chances.
For most of the 20th century, male mortality in
the south was signiﬁcantly lower than in the north
(Caselli and Egidi, 1980, 1981; Caselli and Reale,
1999; Barbi and Caselli, 2003), and only cohorts
born after WWII show a reversing trend (Caselli
and Reale, 1999; Biggeri et al., 2011).
On the one hand, one must be aware that these
differences refer to mortality by region of death
and not by the region of birth, because the avail-
able data on regional deaths do not allow
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tracking of the migrants. The observation that co-
horts born after WWII experience a reversed pat-
tern supports the idea that the level of mortality
was determined by the level of industrialisation
and of exposure to its most negative effects. For
older cohorts who were involved in the ﬁrst
phase of industrialisation, this coincided with an
exposure to its dangers that raised mortality in
the industrialised regions of the north and spared
the less industrialised south. As industrialisation
proceeded, it also improved wealth, which
started to compensate for the mortality disadvan-
tage with better health services, higher incomes
and pensions, and so on. As a consequence, for
more recent cohorts, living in the economically
depressed south is no longer an advantage.
On the other hand, it is possible that the model
failed to identify any pattern because the number
of bootstrapping repetitions (250) might not have
been sufﬁcient, although such a number is con-
sidered by the literature adequate for very com-
plex models (Manly, 1997; Pattengale et al.,
2010). A more likely explanation seems to be that
the survival advantage of the male migrants from
the south (either due to the migration-related
health selection or due to a persisting geographi-
cal component) was nearly entirely captured by
the low-education variable, as the majority of
male migrants from the south had a low educa-
tion level. This would explain why low-education
and medium-education groups did not show
clear differences in mortality, instead of
presenting the expected gradient high–medium–
low. It also lends support to the hypothesis that
the migratory process contributed to reducing
male mortality disparities and heterogeneity in
susceptibility to death.
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NOTES
(1) A series of royal legislative decrees between 1922
and 1923 (31 December 1922, n. 1679, 16 July
1923, n. 1753, 6 May 1923, n. 1054, 30 September
1923, n. 2102, and 1 October 1923, n. 2185) repre-
sent the so-called Gentile Reform, named after the
philosopher and minister of education Giovanni
Gentile.
(2) Constitution of the Italian Republic, article 34.
(3) Law 31 December 1962, n. 1859.
(4) Despite the national and centrally managed
school system, strong geographical differences in
access to education and literacy rates have
characterised Italy for a long time, fading away
only in the recent decades (Felice, 2007).
(5) In this kind of analysis, the duration of the process
under scrutiny (time until death), together with
the occurrence of the event (death), represents
the dependent variable. This allows controlling
for the dynamic change over time of the popula-
tion at risk, by taking into account, at any time
unit of the observation period, the number of
events that already occurred and at which ages
they have occurred, as well as the number of indi-
viduals that, instead, are still at risk of experienc-
ing the event. This implies also taking into
account the age structure of the surviving popula-
tion over time. The aim is generally to model the
age proﬁle of the mortality risk of the standard in-
dividual (otherwise called baseline hazard), who
is the individual with characteristics correspond-
ing to the reference categories of the covariates
of interest, and to estimate the effect of those co-
variates on the baseline hazard. It is common to
report the exponentiated coefﬁcients, which repre-
sent mortality rate ratios with respect to the refer-
ence category, that is, by how much the covariate
increases or decreases the risk of death at each
age. For the interested reader, a brief but complete
and detailed introduction to survival analysis can
be found in Wienke (2010a).
(6) Equations (1) and (2) show the Gompertz and the
Makeham models
μ xð Þ ¼ aebx (1)
μ xð Þ ¼ aebx þ c (2)
where μ(x) is the mortality hazard at age x.
(7) Initially, the time from 1971 to 2007 had been di-
vided into 12 periods of 3years each. This means
that the individual had up to a maximum of 12
spells, and the ﬁnal size of the split data set was sev-
eral million lines. For computational reasons, it was
impossible to estimate this model, so the number of
calendar periods had to be reduced to two,
1971–1990 and 1991–2007, and the optimization rou-
tine needed to be applied via random subsampling.
(8) By way of illustration, one repetition for the
Gamma–Gompertz model with education and
macro-region of birth covariates, applied to the 1%
sample drawn from the men dataset, required be-
tween 12 and 13hours on a 4CPUs, 4GB computer.
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(9) This is not completely correct because those born
in the north-west region include also the short-
distance migrants from the areas around Turin.
However, this does not affect our analysis because
we are focused on the south–north migration ﬂow.
(10) Presidential Decree 31 October 1969, n. 1236.
(11) Even though the conﬁdence intervals are very
broad, the results testify in favour of the possibility
that the process assumed by the model might
generate the observed pattern: they pertain to a full
population and not to statistical samples.
Therefore, the conﬁdence intervals are not to be
interpreted in the standard setting of hypothesis
testing but rather represent the stochasticity in the
model assumptions and not a possible sample bias.
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